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SUMMARY

An investigation was made to determine the effectiveness of
various oxides and oxlide mixtures in oxidizing at room temperature
the exhaust gases from an intermal-combustion engine for the deter-
mination of fuel—-air ratio, The oxides of silver, copper, manganess,
cobalt, aickel, iron, cerium, lead, bLismuth, and mercury were tested
individuvally and in various combinatlons, At a fuel—-air ratio of
0.U%0 and & pas flow of 100 cublc centimeters per minute, it was
found that various oxide mixtures would completely oxlidize the
exhaust gases at room temperature but the useful life of the three
best oxlde mixturos was only about 60 minutes for the 20-gram
sample, which precluded thelr use for the service intended, The
baest oxlde mixtures were those of silver with Hopcalite, silver
with cobalt anu nickel, and silver wlith mangaznese, Although some
oxides had an inhibiting effcct on each other, silver oxide had a
promoting effect on the life of almost any oxide or oxdde mixtwure
tusted.

INTRODUCTION

Power, sconomy, rango, and safety of aircraft are dependent
upon the fuel—alr ratio of the engine mixturzs. The fuel=air ratilo
may be determined in flight by the oxidized exhaust~gas method des-
cribed in reference 1 but the difficulty of malntaining the oxi-
dizer at the required temperature, 600° C to T700° C, and the
servicing nroblem are objectionable,

The purpose of this investipgation was to minimize these
objections by employlng an oxide or a mixture of oxides that would
function at room temperaturse.. .In order to function satisfactorily,
the oxides must oxidime the carbon monoxide, the hydrogen, and the
hydrocarbons 1n the exhaust gases, Figure 1, the data for which was
taken from reference 1, shows the amount of these constituents as a
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functlon of the fuel-air ratio., The reeult:fng carbon-dioxide con-
tent on a dry basis after the oxidation of the combustibles is shown
on the curve labeled COy s oxldized exhaust,

Considerable work has baen done on the oxidation of carbon mon-
oxide in air, Hopcallte, a mixture of cupric oxide ami manganese
dioxide (reference 2), will bring about the vxidation of carbon mon-
oxide in air at temperatures of O° C or below, Manganess dioxide,
nicksl oxdde, and cobaltic oxdide have been prepared in a pure state
and have been us2d to bring about the oxidation of carbon monoxide
in alr at similar temeratures (reference 3). Little irformation
exists on the catalytic oxidation of hydrogen at low temeratures
except by the use ol tie rare-metal oxides, such as silver, gold,
platinum, or nalladium,

A total of ;8 oxides or oxide mixtures was investigated to
determine a4 practicable means for oxidizing the exhaust gases, This
invustipation was started in the spring of 19L1 at thes Langley Memo-
rial Aeronautical Laboratoyy, Langlsy Field, Va., and was concluded
in the spring of 1945 at tihe Aircraft Engine Research Laboratory,
Cleveland, Onio,

PREPARATION OF OXIDES

Although the exact chemical composition of some of the oxides
to be discussed may be questionsd, this ronort is not concerned with
the chemlcal analysis of the substances prenared and no experimental
proof of formulas is Jcesunted. The formulas are based on those
generally accented I'rmr similar »eparations.

Lost oi tha 1|8 vxides were prepared by the hasic precipitation
of thu ;sautallic oxides from the metallic nitrates, Nltrates were
used becauso of thelr high solubilities in water and sodium and
potassium aydrorides wore used ar the nrecipitating bases. AaArfter
the oxides or tha mixlures of oxides had been precipitated, they were
repaatedly washud with distilled water until a constant pH was
reached, Tane pH of the varicas precipitating solutions was deter-
mincd with a glass-electrode ph meter in all cases involving chlorine
and by colorimctric mzuns in all cases involving silver or mercury
compowkis, About six wnshings were usually suflicient, A4fter the
precipitute was washed, it was riltcred, drisd to a semimoist con-
dition, and compresssd in a hydraunlic pross., Wien the resulting
cake had been dried lor several hours at about 110° C, it was broken
up and sereencd to a1 particle size of 10 to 20 mesh,

The methods of pruvmaring the varinus oxides and oxide mixtures
are presented in table I in the following order: silver oxide with
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Hopcalite, individual oxides, silver oxide with individual oxides,
mixtures of two individual oxides, and silver oxide with mixtures .
of two individual oxides. PFuture reference to the oxides and the
oxide mixtures will be made according to the numbers assigned in
the table; for example, MnOp (6) will refer to the sixth cxide
given in table 1.

APPARATUS AND METHOD

Tho testing apparatus used in the investigation is shown in
figure 2, A schomatic diagram (fig. 3) shows the gas circuit and
the auxiliary apparatus. In all tests the oxide or the oxide
mixture wus placed between layers of calcium chloride in the test-
oxide chamber (a glass tube of l-in. outside diameter). The sarmple
oxide was activated beforn each cxperiment by placing the test
clanber in an electric furnace and passing a stream of air at 150° ¢
through th: tube for a period of 1 hour. The chamher was then
removed fror: the furnace and placed in the srstem, as shown in
figure 3.

Normal. or unoxidized exhaust gas was obtained from a four-cycle
1/3-horscpower single-cylindor sngine. The sir-am of gas coming
from the enginc s divided into t¥» circuiis. In one circuit the
exhaust gas flowed into a surge tank and into a stainiess-steel
tube of l-~inch outside diamet=r containinm cupric oride maintained
at a termperature of 707° C. The rnsulting oxidiizzd gus then wenl
into a desiccator (containing calcium chleride), into analyzer 2
(consisting of a thermal-conductivity bridge), into a bubbler, and
finally into an Orsat gas analyzcr. Ir tho othar circuit the gos
was passed Lo a surgce tank, a constant-flow control tube, a desic-
cator (containing caicium chloride), an unheatzd test-oxide chamber,
a second d::siccator, into analyzer 1 (also consisting of a thermal-
conductivity bridge), intc a bubbl:r, and finally into an Orsat gas
analyzere The changes in thermal conductivity of the bridges in the
analyzers wers indicatud with a potontiomnter. Tho bridge potential
obtained from analyzer 2 was used as the standard to determine the
poercentage oxidation of thu gas passing through the test coxide and
analyzor 1.

The normal crhaust gas was nasscd first through the complete
combustion furnacc whers all conmbustiblis were oxldized and then
through both analyzers to standardizo the instrumonts and obtain
observation A, which is the bridge potontial of 100 percent oxidized
exhaust gas. The normal cxhaust gas was thon passard through ana-
lyzcr 1 bypassing the test oxide Lo obtain observation B, the bridge
potontial for normal cxhaust gas. Ohsaervation C, the bridge potential
racorded from the tost oxlde or oride mixturc, wasz obtalned at pericdic
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intervals while the normal exhaust gas was passing through the test
oxides All obs:zrvations were recorded in millivolts. During the
recording of obscrvations B and C, the complotely oxidized exhaust
gas flowed continuously through analyzer 2 to insure that thc mix=-
ture delivered by the engino did not change during the tosts. The
afficiency of oxidation or the valuz of cach oxide as an oxidant

was defined as H x 100, taking into account the propcr change

in sign when going from a positive to a negatiw reading, and is
indicatcd on the figures as Oxidation efficiency, pcrcent.

The following conditions werz constant for all tests unless
otherwlse notoed:

Fu-::l—airratio......-.....--_-.....---0.090
Rate of flow through test oxide, ’ '

cubic centimcters pCr mimite . s o ® @ . e« o s o « o s 100

Quantity of test oxido, grams o « o o ¢ o ¢ ¢ e s ¢ s s o s o « 20
Particle sizo of test oxide o o o o ¢ o ¢ o o ¢« o ¢ 10 to 20 mesh
Fuel » o o o ¢ o ¢ 4 ¢ ¢ ¢ 6 s o « s » 120=0octane aviation gas°1ine
I’Wdrogen-carbon ratio of fUGl o ¢ ¢« ¢ ¢ a s o o ¢ o e o o o 00188

TESTES AND RESULTS

Tzsts wore made on indlvidual oxides, on silver oxide with
individual oxides, on mixturcs of two individnal oxides, and on
silver oxid: wvith mixtures of two individual oxides. Roesults of the
tests arc shown in figures L to 15. In order to prevent confusion,
ths experimental points are not plotted on tha figures. Exporimental
data tables arc available upon regquest from tho NACA at Cleveland, Ohio.

Throughout ths following discussion the oxides and the oxido
mixtures will be compared with cach other in terms of efficiency of
oxidation, over-all 1ifs of oxidation, and usciul life of oxidation.
Over-all lifc is defined as that period of timo from tho initial
indicalion of oxidation to the end of any indication of oxidation.
Uszful life is dofined as that portion of the over-all 1lifs at which
the oxide is wlthin § perceat of its maximm ~fficicncy of oxidation
provided thit mxirum officiency is within tho range of 90 to
100 percent.

Silver Oxide with Hopcalito

Hopcalite was the first matcorial tasted for low-temperature
oxidation of exhaust gasos, inasmuch as a larg: amount of information-
is awvailable in the literature concerning the oxidation of carbon
monoxide using Hopcalite. The poor oxidation curve of Hopcalite is
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shown in figure l;. Because ailver oxide can be reduced by hydrogen,
it was believed that mixtures of silver oxide and Hopcalite would
‘oxidize both the carbon monoxide and the hydrogen in exhaust gases.
The results of a series of tests involving various amounts of silver
oxide with Hopecalite are shown in figure l;. The better performance
with respect to efficlency and useful life of mixtures of allver
oxlde and Hopcalite over either one alone 1is readily apparent.
According to the data in this figure, the concentration of slilver
oxide is not critical in the range of 15 to 50 percent but, because
the mixture of 25 percent silver oxide and 75 percent Hopcalite gave
the longest useful life (60 min for the 20-gram sample) this con-
contration was used wlth subsequent mixtures of other oxides.

Individual Oxides

The results of testing three different prepzrations of manganese
dioxide (oxides (6), (7), and (8) of table I) and three different
preparations of cupric oxide (oxides (9), (10), ani (11) of table I)
are presented in figures 5 and 6, respectively. The figures indicate
that MnO, (6) is better from a consideration of over—all life and
efficiency than MnO; (7) or MnO, (8), and CuO (?) is better than
Cu0 (10) and Cu0 (11). All subsequent mixtures involving these
oxldes will therefore ba based on the acid decomposition of potassium
permanganate (oxide (6) of table I) in the case of manganese dioxide
and on the treatment of cupric nitrate with potassium hydroxide and
air (oxide (9) of table I) in the case of cupric oxide unless other—
wise stated,

Figure 7 compares the results obtained from all the individual
oxideu. The oxides of iron, cerium, lead, bismuth, and mercury gave
no oxidation., The activity of cobaltic oxide was the most outstanding
of the group. In view of the results that will be discussed, it is
interesting to note the comparatively poor activity of manganese
dioxlde and silver oxlide.

Silver Oxide with Individual Oxlides

As shown in figure 5, manganese dioxide prepared by different
methods gave various degrees of oxlidation., The questlon arose as
to whether the most active oxide of the individual preparations of
manganese dioxide would give the best oxidation and life when mixed
with silver nxide, The test results in figures 8 show this to be
the case. Ths great increase in the efficiency and useful life of
oxidation brought about by the addition of silver oxdide is demon-
strated as it was in {igure L, when silver oxide was mixed ¥ith ¥
Hopcalite. The useful life of the best mixture of silver oxide and
manganese dioxide was approximately 60 minutes for the 20-gram sample.
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The comparatlive oxidations obtained from testing all the mix~
tures of the individual oxides with 25 percent silver oxide is
presented in figure 9. The comparison of this figure with figure 7
shows: (1) thdt silver oxide added to the oxides of iron, cerlum,
mercury, and cobalt materiglly assist their oxidizing ability and
life; and (2) that the addition of ailver oxide does not necessarily
aseist the activity in the order shown for the single oxlides., The
hest single oxide did not give the best life and oxlidising ability
when mixed with silver oxide.

MEixtures of Two Individusl Oxides

Uecause cobaltlc oxide gave the bost efficiency and useful life
of any individual oxide (fig. 7) and manganese dioxide gave the best
efficiency and useful 1life of any oxdde promoted with silver oxide
(fig. 9), tests were made on two differont preparations involving
mixtures of those oxides. As can be sacn in rfigurs 10, nulther of
the preparations vas very aclive, which indicates that oxides may
act as inhibitors on each other as realily as they may act as
promyturs,

Figure 11 shows the comparative oxidation glven by three mix-
tures of cupric oxide with manganese dioxide. Neither of the two
cupric oxide-manganese dloxide mixtures prupared in this laboratory
gave as satisfactory oxidatlon as Hopealite, In each preparation
the proportions ot KU parcemnt cupric oxide and 60 percent manganese
dioxide specified in referance 2 verc used., The cupric oxide pre-
pared {rom sodium carbonate had the grecnitzh appearance of basic
cupric carbonate (oxide (11) oi table I). When this oxid: was
mixed with mangansse dioxide, iowever, it showed an activity nearver
to thut of Hopcalite thun the preparation containing cupric oxidec
made by troating cuprie nitrate with wotassiwn hydroxide and alr
(oxide (9) of toble I.

The comparative ovxddabtion of mixtures of two individual oxides
is preseated in figure 12, Attention is called to the activity
shown by cobaltic oxide in comblination with nickel oxide.

Silver Oxtie wibth Mixtares of Two Oxides

The effoct of adding apvroximately 25 percent silver oxide to the
mixtures ol two oxides is smown in figure 13. The silver oxide-
Hopecalitea and the zilver oxide-cobaltic oxlde-nickel oxide mix-
tures have the same life (60 win for tho 20-gram sampla) at maximum
oxidation efficiuncy. Inasmuch as manganese dioxide is the main
constituent of Iloncalite and cobaltic oxidse 1ls the most active of
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the individual oxides (fig. 7), it would appear that a mixture of
silver oxide, manganese dioxide, and cobaltic oxlde would give good
results. On the contrary, figure 13 shows that this- mixture gave
the poorest results, again bearing out previous observations that
the oxides may act as inhibitors upon each other,

Under the influence of silver oxide, Hopcalite has oxidation
characteristics closer to those of manganese dioxide (fig. 5) than
to the mixtures of cupric oxide and manganese dioxide (fig. 11).
The results of these tosts are presented in figure 1h. It may be
concluded that the mixture of silver oxide and manganese dioxide is
about as effective for the oxidation of exhaust gases as that of
silver oxide and Hopcalite.

A series of tests was made involving varlous combinations of
thc oxides of silver, mercury, and manganese to study the promoting
effect of silver and mercuric oxides on manganese dioxide. Figure 15
presents the rcsults of these tests. Although the over-all life of
the mixture of mercuric oxide and manganese dioxide approaches that
of the mixturc of silvar oxide and manganese dioxid:, the useful life
is short. From an analysis of all the figures, it is obvious that
silver oxide has a marked promoting effcet on almost any oxide or
axide mixture.

The three best preparations shown in the results were silver
oxide-Hopcalite, silver cxidc-mangancse dioxide, and silver oxlde-
cobaltic oxide-nickcl oxidz. It should be emphasizced that the
25-percent concentration of silver oxide used in the preparations
may or may not be thes best concentration possible with mixtures
other than Hopcalitc. Inasmuich as this concentration was used cone
sistently, however, the results should be comnarable.

DISCUSSION

In the oxidation of exhaust gases as described in this report,
the requirements of the oxide or the oxide mixture in furnishing
oxygen to the reaction diffured from those of Hopcalito in oxidizing
carbon monoxide in air. The oxide or the oxide mixturc was requirad
to furnish all the axygen For tho various rcactions without the
presence of oxygen with which +to rooxidiza itsclf. Catalytic oxi-
dation In air may be infinite in 1life, inasmich as the axygen r emoved
from the oxids by the reacting gases may be replaced by the oxygen
in air. If air had been available for thesc room-~tomperature
reactions, much longer lives could have becon expected,

The life of the oxide or tho oxide mixturc was also limited by
the amount of oxygen available in the oxdde, the guantity of sampla,
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the amount of unburned combustibles, and the rate of gas flow. There
is also reason to believe that the life of the oxide or the oxide
mixture was affected by the water of the oxidation process filling
up the pores of the oxides, High porosity has been generally con-
sidered an important property of oxides of this type (reference L).

The technique required in the activation of each test oxide was
obtained from the best results given in the literature (references 5 _
to 8). The heated air passing over the test oxide may have had two
effects upon it: (1) it may have removed water of hydration or
(2) the oxygen present in the haated air may have combined with the
oxide to some extent. From observation in the laboratory, the first
supposition seems more likely.

It is noted that the awverage indicated efficiency of oxidation
by the hest test oxide was slightly lower than 100 nercent, When
one stream of normal exhaust gas vas passed through ths test oxide
and another stream of normal exhaust gas from the same source was
passed through tae cupric-oxide furnac=z, a diffsrence in carbon-
dioxide content was noted., The gas oxidized by tho lest oxide was
lower in carbon-~dioxide content than that oxidized by the cunric-
oxide furnacej however, when the gas, which appeared incomplately
oxidized, was passed into the cuaric-oxide furnace, no additional
amounts of carbon dioxlde could be detected. The loss of carbon
dioxide was evidently due to some zone of adsorption or absorption .
in the test oxide and not to incomrlste oxidation, ’

Although the exhaust gaos oxidized by these test oxides can be
used for determining fuel-air ratio, the 1ife is insufficient for
service application. .

SUMMARY OF RESULTS

From tests made on the effectiveness of ;8 oxides and oxide
mixtures in completecly oxidizing at room temperature the exhaust gas
from an interncl-combustion engine operating with 100~octane gasoline
at a fuel-air ratio of 0.090 and a gas {low of 100 cubic centimeters
per minute, the following r=sults were obtained:

1. Exhaust gas was comletely oxidized by various oxide mix-
tures at room temnsrature for a short period of time but the maximum
useful life of thc three best oxide mixtures was apnroximataly
60 minutes for the 20-gram sample, which precludes their use in
service installations for the determination of fuel-zair ratlio.
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2. The best oxide mixtures were those of silver oxide with
,Hopcalite, silver oxide with the oxidss of cobalt and nickel, and
silver oxide with manganese dioxide.

3. Although some oxides had an inhibiting effect on each other,
silver oxide had a promoting effect on the life of almost any oxide
or oxide mixture tested.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohin. .

REFERENCES

1. Gerrish, Harcld C., and Meem, J. Lawrcnce, Jr.; The Measurement
of Fuel-Air Ratio by Analysis of the Oxidized Exhaust Gas.
NACA ARR No. 3407, 19L3.

2. Frazer, Joseph C. W., and Scalinne, Charles C.: Catalyst and
Precess of Making It. U. S. Patent Office, No. 1,3L5,323,
June 29, 1920.

3. Frazer, Joseph C. W.: The Catalytic Oxidation of Carbon “onoxide.
Jour. Phys. Chem., vol. XXXV, no. 1, Jan. 1931, pp. LO5-l11l.

L. Lamb, Arthur B., and Vail, W. E.: The Effect of wWatar and of
Carbon Dioxide on the Catalytic Oxidation of Carben Monoxids
and Hydrogen hy Oxygen. Jour. Am. Chem. Soc., vol. L7, no. 1,
Jan. 1925, PP. 123—1’43-

%« Rogers, T. H., Piggot, C. S., Bahlke, W. H., and Jennings, J. M.1:
The Catalytic Oxidation of Carbon Moncxide. Jour. Am. Chem.
Soc., vol. 43, no. 9, Sept. 1921, pp. 1973~1982.

6. ¥errill, David R., and Scalione, Charles C.: The Catalytic Oxi-
dation of Carbon Monoxide at Ordinary Temperatures. Jour. Am.
Ckem. Soc., vol. L3, no. 9, Sept. 1921, pp. 1982-2002.

7. Almquist, J. A., and Bray, William C.: The Catalytic Oxidation
of Carbon Monoxide., I - Efficiency of the Catalysts, Manganese
Dioxide, Cupric Oxide, and Mixtures of these (Oxides. Jour.

Am. Chem. Soc., vol. 45, no. 10, Oct. 1923, pp. 2305-2322.

8. Pitzer, E. C., and Frazer, Joseph C. W.: The Fhysical Chemistry
of Hopcalite Catalysts. Jour. Phys. Chem., vol. XX¥XV, no. 5,
}-'Ia'y 19,411 PPe 761"776.




NACA ARR No. E5BOla

TABLE I - PREPARATION OF OXIDES

10

95% Hopcalite

+2KN0a+H20

Oxide Assumed reaction Descriptive technique
Silver oxide with Hopcalite
(1). 5% ag,0 2AgN0a+Hopcal ite+2KOH —»Aga0+Hopcalite In (1) through (5) a

weighed amount of
commercial Hopcalite

was added to a solution
containing the necessary
amount of AgNO3 to give
the concentrations of
Ag20 and Hopcalite spec-
ified in the mixtures.

50% Hopcalite

(2). 10% ag,0 s 0.

90% Hopealite | S°° (1) - ee (1)

(3). 15% 4g,0 , s 0.
854 Hopcalite | Seel (1) . ee (

(4). 25% Ag,0 " o
) 75; ngcalite See (1} . ee (

(5). 50% Ag,0 see (1) . See (1).

Individuval oxldes

{(6). MnO,

HKMNO, +4HNOy — YMNO,+4KND,+2H,0+30,

Care was taken in the
reaction to keep the
temperature below 60°C
so that the resulting
product would not
sinter and become in-
active.

(7). Mno,

Mn (N0, ), +4KOH+Cl, — MN0,+2KNO,+2KCI1+2H,0

Cl, was bubbled
through the solution
before and during the
addition of KOH.

(8). Mno,

3MN(NOy ), +2KMnO, +2H,0 — 5Mn0, +2KR0,+4HNO,

The reaction was ac-
complished by the ox-
idation of Mn{NO,),
in the presence of
concentrated HNO,.

(9). cuv0 -

Cu(K0,),+2KOH —~Cu0+2KNO,+H,0

Air was bubbdled
through the solution
during the entire
reaction to insure
the presence of
sufficient oxygen.

(10). cuo

See (9).

Cl, was employed in-
stead of air. In
each case Cl, or 0,°
served to maintain
Cu++ at higher
valence.

NAT 1ONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE I - PREPARATION OF OXIDES - Continued

Oxide Assumed reaction Descriptive technique
(ll)-CMO Cu(MO0,)s+NasC0, —_ CuO+2HaND +C0, This reaction attempted
or zcu(no,);+zna,co.on,o-*.Euco. Cu(OH), ::.::7;:du?: :h? C:g
: +4KaN0,+2C0 °n given 1n the
: * Hopcalite patent
(referance 2)., A green
compound resembling
CuCOs Cu(OH)2 resulted.
(12). ag,0 2AgNO,3+2KOH —» Ag,0+2KKO,+H,0
(I3).li,0. Zli(lo,),*6KOH*C|,—-Ni,0,+2KCI*“KNO, See (7).
+3H,0
(14). Co,0, 2Co(N0, ), +6XKOH+C iy~ C0,0,+2KCI +4KNO, see (7).
+3H,0
(15). Fe 0, 2Fe (N0, )3 +6KOH —Fe,0,+6KN0,+3H,0 See (7).
(16).ce0, 2Ce(NO, )5 +BKOH+C 1, —»2Ce0,+2KCI1+6KNO, See (7,
+4H,0
The pH oY the solution
(17).prbo, Pb(NO,),“&KOH'rCI,—.-Pb0,+2KCI+3;:O3 was watched carefully
? so that it would not
become too basic for
example, above 9.0
(18).Bi,0, 2Bi(NOy) o+ 10KOH+2C1, = Bi 0,+6KNO, See (17).
+4XCI+5H,0
(19). HgO Hg(NO, )}, +2KOH — HgO+2KNO,+H,0 Care was taken to keep

the solution cool.
The resulting precipi-
tate was yellow,

Silver oxide with individual oxides

20). Ag,0-Mn0,

Mn0, from (6).

In (20) through (30)

a weighed amount of
x-oxide was added to

a solution containing
the necessary amount

of AgNO, to give a

25% Ag,0-75% x-oxide
mixture. Ag,0 was pre-
cipitated in the
presence of the x-oxide

by the addition of KOH.

21). Ag,0-Nn0, Mno, from (7). See (20).
(22).Ag,0-Mno0, Nn0, from (8). See (20).
(23). Ag,0-Ni,0, See (20).
24). Ag,0-Fe,0, See (20).
(25). Ag,0-Ce0, See (20).
(26). Ag,0-C0,0, See (20).
{27). Ag,0-Cu0 Cu0d from (9). See (20).

"NAT IONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE I ~ PREPARATION OF OXIDES - Continued

NACA ARR No.

(B34).

50% Co,0,
50% MnoO,

Oxide / Afsumed reaction Descriptive technique
(28). Ag,0-Bi,n0,4 " See (20).
(29). Ag,0-PbO, See (20).
BQ). Ag.0-Hgo See (20).
Mixtures of individual oxides
{31).%0% cuo0 Cu(NOy ) +2K0H—~ CuO#ZKNO,on 0 Mn0, was adde& to a
60% MnoO, Mno, from (6.). solution of Cu(NO,),
and CuD was precipi-
tated with KOH while
air was bubbled
through the solution.
32). 40% cu0 Cu{NO,),+Na,C0,— Cu0+2Nak0,+CO, Na,C0, was used for
60% MnO, or 2Cu(N0,)s+2Ha,C0,+H,0—=CuCO, Cu(OH), | the reason given in
+4Kak0,+2C0, (it). Mn0, was added
Mn0, from §6) to the solution while
the reaction was
taking place.
33). Cu0 This mixture was
Mno, commercial Hopcalite
obtained from the
Mine Safety Appliance
Coapany.
These oxides were pre-

cipitated separately
and mixed in a water
solution,

(35).50% Co,0, 200(N0, ) ,+6KOH+Cl, —=C0,05+2KCI1+4KKO, The oxides were pre-
+3H8,0 cipitated simultaneocusly
50% MnO, Mn(NO; ), +4KOH+C1, —» Mn0,+2KNO,+2KCI by adding KOH to the
+24,0 Cl, saturated solution
of Co(NO,), and
MR (NO,),.
(36). 50% Co,0, 2C0(N0, ), +6KOH+Cl, —wC0,05+2KCI+4KNO, See (31).
+3H,0
50% Cu0 Cu(NO,),+2KOH—=CuO+2KNO,+H,0 ?
(37). 504 Ni,0, 2Ri(NOy ) o +6KOH+C 1, o Nio0;+2KCI+4KNO, See (31).
+3H,0
50% Mn0, Mn(NOy ), +4KOH+Cl, —~MNO,+2KNO,+2KC]
+2H,0
(38).50% Ki,0, ZNI(NO, )}, +6KOH+C 1l ,— Ni0,+2KCI+4KNO, See (31).
+3K,0
50% Cuo Cu(NOg )y +2KOH— CuO+2KNO,+H,0
(39). 50% €o,0, 2Co (N0, ),*sxomc1,——C°,°-+2KC'*';:N3= See (31).
2
“50% Nig0, 2Hi (N0, ), +6KOH+Cl, —-Ni 0,+2KCI+4KNO,
+3H,0 .
40). 25% HgO Hg(NO, ),'QKOH—»HqO+2KNO,+H 0 Mn0, was added to a
75% MnO, Mn0, from {6). solution of Hg(NO,),

and Hg0 was precipi-
tated with KOH while
air was bubbled

through the solution.
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TABLE I ~ PREPARATION OF OXIDES -.COnclnded

13

Assumed reaction

Oxide Descriptive technique
Silver oxide with mixtures of individual oxides
M1).A9,0 «In (4%1) through (%45)
Co,0, a weighed amount of
Nip0, x,-oxide and x,-
oxide was added to a
solution containing
the necessary amount
of AgNO, to give a
25% Ag,0-37.5% x,-
oxide-37.5% x,-oxide
mixture., Ag,0 was pre-
cipitated in the
presence of the x-
oxides by the addition
of KOH.
#2). Ag,0 Mn0, from (6). See (u41).
Ni,0,
MnoO,
“3). Ag,0 Cu0 from (9). See (41).
Co,0,
Cul
M4). Ag,0 Mn0, from (6). See (41).
Co,0,
MnO,
#5). Ag,0 Cu0 from (9). See (41).
Ni,0,
Cul
In (46) and (47) a
(#6). Ag,0 Cuo from (9). weighez amou&t lf
Cul Mn0, from (6). 403 Cu0-60% MO,
Mn0, mixture was added to
the necessary amount
of AgKO, to give a
25% Ag,0-30% Cu0-45%
Mn0, mixture. Ag,0
was precipitated in
the presence of the
Cu0-Mn0, mixture by
the addition of KOH.
(7). Ag.0 See (u46).
Cul Cu0 from (11)
MnO, Mn0, from (6).
(48). Ag,0 A weighed amount of
Hgo manganese dioxide was
Mno, Mn0, from (6). added to a solution

containing the necessary
amounts of HQ(NO,)., and
AgNO, to give a 20%
AQ,0-20% Hg0-60% MnO,
mixture., HgO and Ag.0
were precipitated in

the presence of MnO,

by the addition of
KOH, '
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Figure 2. - Apparatus for testing oxides.
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